Patent foramen ovale (PFO) is a residual element of the fetal circulation. Before explaining the pathophysiology of right-to-left shunting (RLS) through the PFO, it is crucial to concentrate on several steps of fetal heart development. First, there is the formation of a primary myocardial tube followed by the myocardial tube looping and formation of cardiac chambers and major vascular trunks [1] . Division of atria into two chambers involves several steps, and in the final stage the two overlapping structures namely septum primum and septum secundum merge and fuse to form the interatrial septum [2] . During the fetal development, blood bypasses from the right atrium directly into the left atrium through the foramen ovale. In the human fetus, the venous hemodynamics privileges the flow from the ductus venosus over the flow from the inferior vena cava in passing through the foramen ovale as the umbilical cord flow is stronger [3, 4] . The strong blood flow with a velocity up to 85 cm/s distends the valve of the foramen ovale and forces the blood into the left atrium [3] . Volume of blood that crosses the foramen ovale equals 34% of cardiac output at 20 weeks, and 18% at 30 weeks of pregnancy [5] . At birth, the most im-
portant pressure changes happen as the drop of blood pressure in the right heart and opening of pulmonary blood vessels reverse the interatrial pressure gradient. As a consequence of these pressure changes, a firm fusion of septum primum and secundum is completed by the age of 2 years [6] . However, in an important percentage of otherwise normal individuals, the closure is incomplete resulting in the patency of the foramen ovale.
Pathological case series are relatively unbiased, but are still not comparable with proper epidemiological assessment of the prevalence of a condition. There are two milestone autopsy studies on the frequency of PFO conducted in a general population. The first one consisted of 1,100 autopsies. Results of this study showed that the frequency of PFO depended on its size. The smaller PFO defined as 2-5 mm in diameter was found in 29% of cases. The larger PFO defined as 6-10 mm in diameter was found in 6% of autopsied cases [7] . The second study was based on 965 autopsies. The overall incidence of PFO was 27.3%. However, an interesting finding of a progressive decline of PFO frequency from 34.3% during the first three decades of life to 20.2% during the 9th and 10th decades was observed. Moreover, the diameter of the foramen ovale varied from 1 to 19 mm, but in the great majority of cases it ranged from 1 to 10 mm in diameter. What is really difficult to interpret is the finding that, as the frequency of PFO declined with increasing age, an increase in diameter from a mean of 3.4 mm in the first decade to 5.8 mm in the 10th decade of life was observed. The potential explanation for these changes, as mentioned in the article, could be the fact that smaller PFOs might have spontaneously closed. This would explain the fact that larger PFOs remained opened until the patients' death [8] . However, autopsy studies are not longitudinal, and we cannot base any pathophysiological assumptions based on these results.
There were also a few in vivo studies on the PFO occurrence based on contrast transesophageal echocardiography (TEE). Fisher et al. [9] showed the presence of PFO in 9.2% of 1,000 patients referred for a diagnostic TEE. Of note is the fact that there was a selection bias in this study as more than half of these patients were suspected of having had a cardioembolic stroke. In this cohort, the incidence of PFO in patients in their fifth decade was greater than in those in their eighth decade (12.96 vs. 6 .15%, p = 0.03). Meissner et al. [10] demonstrated the presence of PFO in 25.6% of studied individuals in a random general population (n = 588) over the age of 45 years undergoing TEE. Results of both pathological and TTEbased studies cannot however be considered as true epidemiological data on the prevalence of the condition.
Coexisting Atrial Anatomical Abnormalities: Atrial Septal Aneurysm and Chiari's Network
There are other anatomical variants in the atrial anatomy accompanying PFO. One of them is atrial septal aneurysm (ASA). ASA can be diagnosed with the TEE based on the following criteria [11] : (1) diameter of the base of the aneurysmatic portion of the interatrial septum of more than 15 mm; (2) protrusion of interatrial septum or a part of it beyond its plane of more than 15 mm; (3) phasic excursion of the interatrial septum during the cardiorespiratory cycle of more than 15 mm in amplitude.
In a case-control study conducted by Agmon et al. [12] , the frequency of ASA was 7.9% in patients with a history of cerebral ischemic events in comparison to 2.2% in matched controls (OR 3.65; 95% CI: 1.64-8.13). There was another interesting finding in this study as 56% of subjects with ASA had RLS through a PFO. Based on these findings, the authors calculated the odds for the presence of ASA predicting the presence of PFO (4.57; 95% CI: 2.18-9.57). Results of this study should be interpreted with caution however considering its case-control design.
The other atrial abnormalities are variants of the Eustachain valve, described for the first time by Eustachius in 1563. Three hundred years later, the Chiari's network was described [13, 14] . The Chiari network results from the incomplete resorption of septum spurium and the right valve of sinus venosus. It is built out of fibers attached to the upper wall of the right atrium and/or interventricular septum. According to the original Chiari's work, the frequency of Chiari's network in unselected autopsy series is around 2-3%. In TEE series, the frequency of Chiari's network is similar (2%). There is an interesting finding that Chiari's network coexists with PFO in 83% of cases and with ASA in 21.2% of cases [15] . There is a potential pathophysiological explanation for the coexistence of PFO and Chiari's network. The latter may more or less continuously float the blood from the inferior cava against the septum primum, thereby preventing fusion of the 2 septa. The same may be true for the coexistence of ASA and PFO. Thus, both of these anatomical abnormalities may be a cause of PFO occurrence rather than just bystanders. There are a few case reports of Chiari's network having had a causative role as the source of embolic material that led to the occurrence of an ischemic stroke in a mechanism of paradoxical embolization [16] . In preselected populations, Chiari's network was shown to be more prevalent in cryptogenic stroke patients when compared to controls (4.6 vs. 0.5%) [17, 18] .
PFO and Coexisting Conditions
The PFO with or without coexistent ASA has been linked to multiple central nervous system disorders such as first-ever ischemic stroke in young patients [19, 20] , cryptogenic stroke [21, 22] and cerebral decompression sickness in scuba divers [23, 24] . The presence of PFO was also studied in hypobaric decompression sickness in altitude flyers and astronauts [25] , high-altitude pulmonary edema [26] , platypnea-orthodeoxia syndrome [27] , brain abscess [28] , transient global amnesia [29] , spinal cord ischemia [30] , and systemic embolization in solid organs as well as in upper and lower extremities and in migraine [31] [32] [33] [34] [35] . All of these studies are at best case series reports, and no cause-effect relationship can be established based on them.
Some authors do not confirm the association between isolated PFO and increased risk of ischemic stroke [36] or recurrent stroke [22, 37] . There is no clear correlation between the size of the PFO and the degree of right-to-left cardiac shunt and occurrence of stroke [22, 37] . However, some authors demonstrated that the presence of a large PFO and high degree of right-to-left cardiac shunt (RLS) could increase the risk of cryptogenic stroke [37] [38] [39] [40] , recurrent stroke [41, 42] and the number of silent ischemic brain lesions in divers [43] .
Features of Ischemic Stroke in Patients with PFO
There are a few reports addressing the presentation and course of an ischemic stroke in patients with a PFO. In general terms, one can say that patients with an ischemic stroke and a PFO are younger and have less traditional cardiovascular risk factors. Prognosis of stroke recovery seems to be better as 63.3% of patients with a PFO achieve a modified Rankin Scale score of 0-1 (good clinical outcome) in comparison to 52.5% of those without a PFO. Apparently, there is no predilection for vascular territory involvement either [36] . In addition to this, neuroimaging features of an embolic infarction are not consistently being found in those with a PFO and ischemic stroke [36, 40] .
Paradoxical Embolism and RLS
Currently, the potential role of the PFO in pathogenesis of an ischemic stroke is based on the paradoxical embolism. There are well-established clinical criteria allowing for a diagnosis of possible cerebral paradoxical embolism. These criteria were coined in the 1950s, and they do not contain documentation of the actual passage of the embolic material through the PFO. These criteria are the following [44] : (1) proven arterial (cerebral) embolism; (2) no embolic material in the left heart; (3) venous thrombosis/pulmonary embolism; (4) intracardiac communication permitting an RLS.
However, proving paradoxical embolism even in a situation when all these criteria are met is difficult. In addition to this, several authors do not consider mechanical passage of embolic material through the interatrial septum as the only explanation for ischemic stroke in patients with the presence of a PFO. One potential mechanism is smooth muscle dysfunction. There is a recent paper by Zicari et al. [45] in which the authors studied 24 patients with CADASIL, and they found that 47% of these patients had RLS, which is a double value in comparison to the non-stroke population. This comparison cannot be made directly as this study was not designed to test for this effect. The potential mechanism linking CADASIL and PFO could be that of abnormal Notch signaling that may lead to gradual degeneration of vascular smooth muscle cells, thus leading to arterial wall thickening and consequently to luminal narrowing and small vessel supply infarcts. Cardiac involvement can be explained by abnormal development of endocardial cushion as Notch 3 may have a crucial role in the morphogenesis of heart chambers and especially cardiac septa [46] .
In addition to this, metabolic shunting through the PFO can be considered as one of the mechanisms responsible for stroke occurrence in RLS. Venous blood shunting was demonstrated in patients with a PFO as they were found to have oxygen desaturation determined with ear oximetry [47] . However, others did not confirm these results with arterial blood analysis [48] . Metabolic shunting can be explained by bypassing the lung filter which metabolizes many substances such as biogenic amines such as serotonin [49] . In cases of persistent RLS or during Valsalva maneuver, part of these vasoactive substances could bypass pulmonary filter, thus causing 'metabolic RLS', and directly enter the arterial circulation activating platelets, or exerting their action on cerebral vasculature. This hypothesis was also discussed in the pathogenesis of migraine [50] . There was one study that demonstrated a correlation between the degree of RLS and the arterial levels of norepinephrine and serotonin [51] .
Epidemiology of Ischemic Stroke in Young Adults with PFO
As mentioned at the beginning of this paper, there are no large-scale prospective epidemiological studies focused on the occurrence of ischemic stroke in patients with right-to-left shunt through the PFO. There are a few case-control studies, which were compared together in one meta-analysis [20] . This meta-analysis yielded very important results that may be divided into three major groups, the first being the occurrence of PFO, ASA or both in ischemic stroke patients vs. non-stroke controls. Second is the occurrence of PFO, ASA or both in cryptogenic stroke patients versus patients with known etiology of stroke and third is the occurrence of the above-mentioned atrial abnormalities in cryptogenic stroke patients versus non-stroke controls ( tables 1-3 ).
Results of this meta-analysis need to be interpreted with caution as studies included in it were observational and of various sizes and the total numbers for each comparison were not at the desirable level, thus the confidence intervals in the majority of comparisons were very wide (e.g. odds for PFO+ASA in young cryptogenic patients vs. non-stroke controls equaling 23.93 with 95% CI: 3.09-185.42). In addition to this, the data on the odds for PFO+ASA in cryptogenic stroke group versus non-stroke controls came from a single study. There was also a diagnostic bias in studies that used transthoracic rather than transesophageal echo as the former underestimates the prevalence of ASA. In summary, we can say that this meta-analysis showed a significant association between PFO, ASA and occurrence of first-ever ischemic stroke in patients below 55 years of age [20] . The other important issue is stroke recurrence in patients with a PFO and or ASA. Homma et al. [37] demonstrated that there is no difference in the risk of stroke recurrence and death within 2 years of observation in cryptogenic stroke patients on medical treatment with PFO alone or PFO+ASA (14.8 vs. 15.4%, respectively). Mas et al. [22] demonstrated an increased risk of recurrence of stroke in cryptogenic stroke patients who have both PFO+ASA as the 4-year stroke risk in these patients was 15.2% when compared to 2.3% in those with PFO alone and 4.2% in patients without PFO and ASA.
Bogousslavsky et al. [52] conducted a prospective follow-up of patients below the age of 60 (n = 140) who presented with ischemic stroke (n = 118; 84%) or transient ischemic attack (n = 22; 16%). All of these patients had confirmed PFO, and a quarter of them had ASA. These patients were followed for a mean of 3 years. There were just a few events of stroke or death (2.4% per year) and stroke alone of 1.9% per year. These results are even more interesting if one takes into account the severity of initial stroke in this population as half of studied patients suffered from a disabling stroke.
Serena at al. [53] prospectively studied the risk of stroke recurrence in patients with cryptogenic stroke. Four hundred and eighty-six patients were recruited into the study and followed for a mean of 729 8 411 days. In 200 (41.2%), a massive right-to-left shunt was found. Overall, the rate of recurrent stroke was low in the whole group (5.8%), and did not differ in patients with massive right-to-left shunt, non-massive right-to-left shunt and in those without the shunt in the younger group (3.4 vs. 2.3 vs. 4.5%; p = 0.75) and in the whole cohort (5.0 vs. 6.2 vs. 6.3%; p = 0.58). After adjusting for treatment, there was no association between massive RLS and stroke recurrence with an odds ratio of 1.44 (95% CI: 0.46-4.48; p = 0.53). In addition to this, ASA presence had no influence on stroke recurrence rate.
In a very recent paper, Fisher et al. [54] studied the long-term risk of stroke recurrence in 86 patients with a PFO-related stroke. These patients constituted 89% of the original cohort. The mean follow-up period was 15.4 years (range 11.2-25.9 years). These patients were offered secondary stroke prevention at the discretion of the treating physician. In total, there were 13 recurrent events (15%) that included 7 transient ischemic attacks, 5 strokes and one peripheral embolism. According to the authors, the risk of recurrence was not related to secondary prevention strategy or coexistence of ASA and PFO size. These results are interesting as they suggest that recurrent embolic events can occur during a long follow-up irrespective of medical therapy, but due to this study's sample and its design, results should be interpreted with caution. However, other authors did not find statistical evidence for the role of PFO in stroke recurrence.
Recurrent Stroke Prevention

Medical Management
The quest for the appropriate medical management of stroke patients with a PFO has been ongoing for almost two decades. Mas et al. [22] in their pivotal study found that when on acetylsalicylic acid, stroke recurrence rates over a 4-year observation period were 2.3% in PFO and 15.2% in PFO+ASA groups. However, this was not an interventional study comparing different treatment modalities.
The Patent Foramen Ovale in Cryptogenic Stroke Study (PICSS) was developed in cooperation with the Warfarin-Aspirin Recurrent Stroke Study [37, 55] . The latter was designed to compare aspirin and warfarin use in prevention of stroke recurrence in non-cardioembolic stroke survivors [55] . PICSS was a multicenter study in which patients were assigned to warfarin or aspirin. There were 630 patients enrolled, including 203 (33.8%) with a PFO. Within the entire PICSS cohort among patients with a PFO, there were 16.5% events (recurrent stroke or death) in those on warfarin versus 13.2% in those on aspirin (HR 1.29; 95% CI: 0.63-2.64; p = NS). In patients without PFO, the rates were 13.4 versus 17.4%, respectively (HR 0.80; 0.49-1.33; p = NS). In the cryptogenic cohort among patients with a PFO, the rates were 9.5% on warfarin versus 17.9% on aspirin (HR 0.52; 0.16-1.67; p = NS). In the subgroup without a PFO, those on warfarin had a recurrence rate of 8.3% versus 16.3% for those on aspirin (HR 0.50; 0.19-1.31; p = NS). Results of PICSS demonstrated no difference between warfarin and aspirin in recurrent stroke prevention in patients with a PFO and non-cryptogenic stroke and cryptogenic stroke. Of note is the rate of hemorrhagic complications. The rates of minor bleeds were statistically significantly higher in those on warfarin when compared to aspirin (23 vs. 9 per 100 patient-years; p ! 0.001), and the rates of major hemorrhages were no different (1.9 vs. 1.8 per 100 patientyears, respectively) [37] .
In the study of Serena et al. [53] , medical management was at the discretion of the treating neurologist. Antiplatelet medications were used as secondary stroke prevention in 79% of patients, and 21% received anticoagulation therapy with acenocoumarol with a target INR of 2-3. There were no statistically significant differences between these two groups, and the rates of recurrence were 3.5 versus 3.2% in the younger population (antiplatelet vs. anticoagulants; p = 0.94) and 6.6 versus 1.6%, respectively, in the whole cohort (p = 0.18). Due to the study design, the effect of different treatment modalities cannot be used to make any therapeutic decisions.
In a recent systematic review and meta-analysis of medical management of patients with PFO and with a history of cryptogenic ischemic stroke or transient ischemic attacks, Almekhlafi et al. [56] included 15 trials that were published up to the year 2008. A pooled relative risk for recurrent cerebral ischemic event (stroke or transient ischemic attack) in patients with PFO when compared to those without was 1.1 (95% CI: 0.8-1.5) and for ischemic stroke only it was 0.8 (0.5-1.3); both were not statistically significant. There was no superiority of different medical management strategies demonstrated.
PFO Closure
Surgical Closure In parallel to research being conducted on medical interventions in stroke prevention in patients with a PFO, there have been series of studies devoted to physical closure of a PFO and elimination of RLS. We need to remember that all these trials were based on the assumption that RLS through a PFO may be responsible for the occurrence of the recurrent ischemic stroke. Initial studies were based on the surgical PFO closure, and the more modern ones used various devices delivered via the intravascular route.
One of the first surgical closure studies was performed in Lausanne by Ruchat et al. [57] (surgery) and Devuyst et al. [58] (neurology). There were 32 patients included in this study based on their young age (below 60 years; mean age 38 years). The eligibility criteria consisted of those considered to have a high risk of stroke re currence (at least two of the listed), a history of Valsalva strain before stroke (n = 11), multiple clinical ischemic events (n = 13), multiple infarcts on brain magnetic res onance imaging (n = 15), presence of an ASA (n = 16) or large left-to-right shunting (defined as more than 50 microbubbles as detected with contrast TEE; n = 12). All patients had direct suture of the PFO under cardiopulmonary bypass. There were no major general periprocedural complications including homologous blood trans fusion, neurological, cardiac or renal complications. Patients were followed for more than 600 patient-months (mean of 2 years). During the follow-up period, there were no recurrent ischemic events, and of even greater importance there was no silent new brain lesions detected on the brain magnetic resonance imaging. There were only two residual right-to-left shunts detected by TEE and transcranial Doppler. The residual shunts were related to surgical procedure as these 2 patients had single but not double continuous suture. None of these patients was put on any antithrombotics during the follow-up period [57, 58] .
Homma et al. [59] studied a group of 28 cryptogenic stroke patients with a PFO diagnosed with TEE. All these patients either refused or could not take oral anticoagulants. All were treated with open thoracotomy with cardiopulmonary bypass and direct suture without the use of patch material. There were no surgical complications. However, after a mean follow-up period of 19 months, 4 patients experienced ischemic complications including one stroke and 3 transient ischemic attacks. The actuarial rate of recurrence was calculated at a level of 19.5% (95% CI: 2.2-36.8) after 13 months of follow-up. Of note is the fact that recurrences were observed only in patients older than 45 years. Thus, the recurrence rate was 0% in the younger group and 35% in the older group. The relative risk of recurrence rose with one decade of age by 2.76 (95% CI: 1.07-7.16).
Another group studying surgical PFO closure that was led by Dearani et al. [60] . This was a retrospective study of 91 patients with one or more cerebrovascular events; mean age of the studied population was 44.2 8 12.2 years. There were 59 patients with stroke and 32 with transient ischemic attacks. As far as risk factors for paradoxical embolism are concerned, 15 patients had Valsalva-like maneuver before an ischemic event, and 10 patients had thrombophilia. Surgery was performed with extracorporeal circulation and involved direct suture in 82 patients and patch closure in 9. Periprocedural complications consisted of transient atrial fibrillation (n = 11), pericardiac effusion treated with drainage (n = 4), exploration for bleeding (n = 3) and surgical wound infection in one case. After a mean follow-up of 2.0 years, there were no ischemic strokes and 8 patients had had transient ischemic attacks including one related to temporal arteritis. Only 2 out of 8 transient ischemic attacks were different from the initial event including one patient with gait disturbance (initially hemiparesis) and confusion with stereotactic spells (initially aphasia with hemiparesis) [60] .
Orgera et al. [61] performed a meta-analysis comparing medical management including antiplatelet treatment and oral anticoagulants with surgical PFO closure in prevention of recurrent cerebral ischemic events. This analysis included studies published between 1966 and 1999; thus, no device closure trials were included. Overall warfarin was shown to be superior to antiplatelet therapy (odds ratio 0.37; 95% CI: 0.23-0.60). The authors also demonstrated similar effectiveness of surgical closure to warfarin use (odds ratio 1.19; 95% CI: 0.62-2.27). However, results of this meta-analysis need to be interpreted with caution as it was based on just a few studies, and it did not include device closure.
Device Closure With the advent of modern intravascular procedures PFO closure became a very important and widely studied treatment option in prevention of cerebral ischemic events as well as in migraine prevention. Multiple studies of different design including randomized, non-randomized, retrospective and case-control ones have been published. These studies are based on different devices including Amplazer, CardioSeal, PFO-Star, etc. The frequency of residual RLS varied between 1 and 34% in different studies with different lengths of follow-up [62, 63] . There was one meta-analysis comparing older device closure trials with medical management. Khairy et al. [64] analyzed secondary stroke prevention studies in patients with a PFO that were published between 1985 and 2003. They included 10 studies of transcatheter closure (number of patients 1355) and 6 medical therapy studies (895 patients). The one-year incidence of recurrent cerebral ischemic events varied from 0 to 4.9% in device closure groups versus 3.8-12% in medically treated ones. The frequency of periprocedural complications ranged from 1.5 to 7.9% (major and minor, respectively). These data should be approached with great caution as studies included in this analysis were very heterogeneous as far as data, definitions, intensity of follow-up, baseline characteristics of studied populations and distribution of risk factors are concerned.
Very recently, results of two large-scale trials have been published. Whorle et al. [65] studied Premere TM PFO closure device. This was a prospective observational registry of patients with a history of stroke or transient ischemic attack and confirmed RLS through a PFO. In total, there were 267 patients were included. The frequency of residual shunting was 16.8, 5.6 and 6.5% for small, mod erate and large shunts (total of 28.9%). After device implantation, patients were treated medically in a noncontrolled way according to common clinical practice. Overall, the use of anticoagulants decreased after the closure (from 27 to 3%) and the use of antiplatelets increased (aspirin from 64 to 95%, thienopyridines from 27 to 80%). After a mean follow-up of 11 8 9 months, there was no stroke or transient ischemic attack recurrence. There were 5 patients with new-onset atrial fibrillation (1.9%), and one patient with thrombophilic diathesis developed thrombosis. Results of this registry are interesting, but should be interpreted with caution due to its non-randomized design.
CLOSURE-1 was one of the biggest studies performed so far. This was a randomized open-label trial on the effectiveness of PFO closure versus medical management in patients aged 18-60 with a PFO and a history of a cryptogenic cerebral event such as stroke or transient ischemic attack. The primary end point was composed of stroke, transient ischemic attack during 2 years' followup, any cause of death during the first 30 days and death from neurological causes between 31 days and 2 years. In total, 909 patients were enrolled into this trial. The incidence of the primary end point was similar in both groups (5.5% in device closure and 6.8% in medically treated; adjusted hazard ratio 0.78; 95% CI: 0.45-1.35). The rates for stroke were 2.9 vs. 3.1% in device versus medically treated, and for transient ischemic attack, they were 3.1 versus 4.1%, respectively (p = 0.44). As far as safety is concerned, there were no deaths within the first 30 days and also up to 2 years' follow-up [66] . Results of this large scale trial show that there is no difference between device closure and medical management in secondary stroke prevention in patients with a PFO.
Wahl et al. [67] have just published results of a longterm follow-up propensity score-matched study on a moderately low number of patients. Patients were offered secondary stroke prevention either with PFO closure (n = 150) or best medical management (n = 158). The outcome measured in this study was a composite of stroke, transient ischemic attack or peripheral embolism. In total, 103 propensity score-matched patients were assessed (median follow-up of 9 years). The closure group showed better results as far as primary end point occurrence was concerned as there were 11% of events in closure versus 21% of events in the best medical treatment groups with the hazard ratio 0.43 (95% CI: 0.20-0.94; p = 0.033). Of note is the fact that that the main difference was shown for transient ischemic attack occurrence (5 vs. 14% respectively; hazard ratio 0.31; 0.1-0.94; p = 0.039). The all cause and cardiovascular case fatality in both groups was similar (6 and 3%, respectively). This study showed that in this particular subset of patients, PFO closure did better than medical management. However, due to the size of the sample and non-randomized design, these results may be added to the pool of evidence rather than being considered as practice changing.
Last but not least is the recent completion of enrollment into the RESPECT trial (clinical trial identifier NCT00465270) as announced by the investigators (980 patients enrolled). This is a phase II, open label randomized trial investigating whether percutaneous PFO closure with the AMPLATZER PFO Occluder is superior to current standard of medical treatment in secondary prevention of embolic stroke. The primary outcome measure is the recurrence of non-fatal strokes [68] . Results of this study are to be presented by the end of this year according to the investigators.
There are a few ongoing trials that need to be quoted here . Once results of the active studies are available, they may be adding to the growing pool of data on PFO closure, which may eventually lead to a meta-analysis.
International Guidelines on Management of Stroke in Young Patients with PFO
The currently available information on the role of the RLS through the PFO in the pathogenesis of stroke in young individuals first of all does not provide any unequivocal data on the causality of PFO in stroke. This is why, given our current state of knowledge, any interventional procedures aiming at PFO closure should be considered only within well-designed randomized trials. There are currently several international and national guidelines on stroke prevention in patients with PFO. The American Academy of Neurology practice parameters literally say that PFO is NOT associated with risk of stroke and death in medically treated patients with cryptogenic stroke, but there is a possibility of increased risk of stroke in those with PFO+ASA. At this stage, there is no evidence favoring anticoagulants over aspirin, and there is insufficient evidence on the efficacy of interventional PFO closure [72] .
European Stroke Organization guidelines suggest that endovascular closure of a PFO in stroke prevention is feasible and potentially offers some superiority over medical therapy; however, randomized trials are needed to confirm this [73] . We can find the same advice in the National Institute for Clinical Excellence guide [74] . In the most recently updated guidelines of the American College of Chest Physicians concerning patients with cryptogenic stroke and PRO or ASA, aspirin 50-100 mg/day is recommended in secondary prevention. In those with cryptogenic stroke and PFO or ASA with recurrent events despite aspirin treatment VKA are recommended with a target INR of 2.5 (range 2.0-3.0) and device closure is suggested in preference to no VKA or aspirin therapy [75] .
In summary, we can say that at this stage secondary stroke prevention after initial ischemic event in young patients with a PFO and or ASA should be based on medical treatment. There is not enough evidence to support the mechanical importance of RLS through the PFO in pathogenesis of stroke to support mechanical closure surgical or device. Surgical closure requires a major procedure, and long-term results vary between centers as far as residual shunts, periprocedural risks and long-term effectiveness are concerned. The body of evidence for device closure of the PFO is growing with regard to prevention of recurrent ischemic events. Further studies are needed to test this association, especially in connection with medical failure of secondary stroke prevention and more preselected subgroups of stroke survivors. More-over, other hypothesis on the link between RLS through the PFO should be investigated including metabolic shunting and endothelial dysfunction. Joining PFO registers should be stimulated as large samples and prospective design of unbiased epidemiological studies can ascertain a common denominator for all therapeutic measures to be developed in individuals with a PFO and stroke risk. However, in clinical practice when facing a young patient with recurrent ischemic stroke (i.e. after a second event) on medical treatment, with massive RLS, presence of ASA and lack of other risk factors despite indepth investigations, a decision for PFO closure can be considered as a rescue. This decision should be made by a multidisciplinary team including a stroke neurologist and a cardiologist. The procedure should be done in an experienced center, preferably a center that has participated in relevant device closure trials.
